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CHAPTER IV

Results

4.1 Total RNA extraction

Young leaves of c. ternatea L and calli of A lakoocha Rox. were used for
RNA sources. Total RNAs were extracted by RNeasy Plant Mini Kit (Qiagen). The
guality and concentration of all total RNA samples were determined on agarose gel
as shown in Figure 14, and uv absorption at wavelength of 260 nm, respectively. The
concentration of the total RNA was 320 and 225 pg m I1from c. ternatea L and A

iakoocha Rox., respectively.

Figure 14 Agarose gel of the total RNA isolated from c. ternatea L (A) and A

lakoocha Rox (B).

4.2 Isolation of core sequences from degenerate primers

Partial gene sequences were performed by PCR technique using the cDNA
synthesized from RT-PCR as a template with multiple pairs of the degenerate
primers. The results are showed in Figure 15. The pairs of degenerate primers F2R1,

F2R3, F6R1 and F6R3 were able to amplify partial gene sequences from cDNA of c.
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ternotea while the partial gene sequences from A. takoocha were amplified by F2R1,

F3R1 and F6R1.
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Figure 15 Agarose gel of the partial gene sequences from c. ternatea L (A) and A
lokoocha Rox (B) amplified by multiple pairs of the degenerate primers. M: 1 kb DNA
marker, Band number 1, 2, 3, 4, and 5 represented the partial gene sequences from
sets of primers including F2R1 (544 bp), F2R3 (283 bp), F3R1 (479 bp), F6R1 (640 bp),

and F6R3 (414 bp), respectively.

4.3 Full length genes from RACE PCR

Based on partial gene sequences of c. ternatea obtained from F6R1 primer
pair, the new set of primers were designed overlapping the region between upstream
and downstream of 5-end (CTin_R, CTout R, ALRin_R and ALRout R) and 3'-end
(RACEiIn_F and RACEout_F). The contig of 5-RACE PCR was obtained from c. ternatea

(1000 bp) and A. lakoocha (500 bp). 3-RACE PCR, the contig was obtained from c.



ternotea (700 bp) and A. lakoocha (900 bp) as showed in Figure 16. Then all contigs
from both ends were aligned with the isolated partial gene sequence and the
putative full-length cDNAs were recovered. The open reading frame (ORF) was
determined from the start codon of ATG to the stop codon of TAA by ClonManager
9.0. To retrieve the full coding sequence cDNAs, the primers covering the whole

coding sequence were designed from start and stop codons and amplified by PCR

The full length cDNA of cti gene, 1,495 bp, contained 122 bp at 5'
untranslated region and 149 bp of 3' untranslated region with a poly (A) tail. The ctl
showed open reading frame (ORF) of 1,224 bp (Figure 17A) encoding a putative
polypeptide of 407 amino acids residues (Figure 18). For alrc2 gene sequence
retrieved by RACE, the 1,625 bp full length cDNA of alrc2 gene was obtained and it
contained 134 bp and 210 bp of 5' untranslated region and 3’ untranslated region
with a poly A tail, respectively. The alrc2 showed open reading frame of 1,233 bp

(Figure 17B) encoding a putative polypeptide of 410 amino acids residues (Figure 19).
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Figure 16 Isolation of full length cDNA of ctl and alrc2 by RACE PCR The nested
RACE-PCR products (51and 3’ fragments) from c. ternateo (A) and A. iakoocha (B)
are shown on 1% agarose gel, M: 1 kb DNA marker. The contigs from RACE-PCR
products and core sequences were aligned to obtain the full-length sequence of ctl

and alrc2 (C).
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alrc2

Figure 17 Agarose gels of ctl and olrc2 coding sequence. The bands are shown on 1%
agarose gel, M: 100 kb DNA marker and ctl and alrc2 coding sequences amplified

from (. ternotea (A) and A lakoocha (B), respectively.

-
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1 GOGGEGs TIOWAA TOGTTIC AT CERIEAEE GEEEHG ARG ABNGEG
9 AGGIG GGG AFKRZGT TRGAGT ANGRNTC GEGIOAT GNATIG: CAERTIC
MD 5V Iy 3- FxR
TIROAKE AGTEAATIOGRC TPOMNE GG ATTACNGE AAGTTTAY GGG
5511 | 3ANF ~TKc RAHNYHA35Y AFX
COONGEA GYAGHA TICNANG APOGT TIAGATT AT GITGGIA TGV TAGYWA
A Ke X FHK F/5 V1IR? 2Q 3L HHYX
CENTERS GGEIOAC AT AGAGA GYAGTT. GHEERE TOG W ATTIGWC
RYV KAA sGi
TRXITIHA GOTTIGNC AGNMCGEY ITTEOT GRMAAT CTTENGE TTTORZGS TITIOAGE
sr Fg AF) 0X VKM | Ar YR F3R
QCOCT TG GNTAGA TRATIOE ATTCT GNTEGAANTACGA TNAICIGA
PHI VIST AL Il 'w5LL ALEKLS
AGTTTA OGEEET GXEIEG GEET TATAGA TATIAAT JTGITRAATGNTAC
Hv r TGV LXAV VAA'L 2 M NI YI -~ NVT
TETGA APGOYG TRHOWEIS ARKTTAA OGENGD GRWAOC AT GITROA

I DF .NX Fi LF 1 A5 GFy F5T GVT
TITIGACATKGGET AGGTIT GGG GVNIGAET TNGEN TG TATITIGIC

Il VA s:-5V L3F K-, »i VG K- I F« A1FV
AT TGO TINTANC ANGGEII TITIAGNG GYGCITT GGG ENGEG
FVLGT AY3: MV - » _ 4 XPF AV AAM

GNIOAGT GGG ARG TCAATIGRNTT TICTIGXCA TR TAGARG ARRIZEIG
cltAVRAVIVILA FIKM THVYXRFA
TATOGYG AJTGNT TNMEIATG NIYFG IO GATTARG G T GAATT
7r5 RPLI FAI AFH 3FX VVI ALF « o . ¢
GXAIGYG GEHAMAT AITIGENC GWTITIT GEATTT AFGGHGCEHEATT GNOTT

i.i" GDK I F | s F 5VF LGgK RVF I C
TICITAT GRAAGTT AGATE CICVEIG GX&XEN OUIOET OGE3GEAM GIATEE
VYVI1 -] aYGY ALMVL. . . SFC L4 X A: X

CEEZA TAIT TG GO TOGIAA GEEAANTT GAGNTIGAATRIANGE TIC3AA
GAG HAVL A L LKYQAX DL KTKA3IT
TCITOAA TATIAIOIG GYRGIATTT TR ATGEICT CIITAGT ARG GXGEEEIT
3FI MFI «» .+" AEyLL LFy. =

TR AAROT GO AN GGG TCIRGE CERROGET GUGIRA GTTIAGT
TIRGEAATEAMNIG AGNTAT TTIGIZVTAAMGN0A AKM0A

EE N SEREQEYBNE " 8ENTI RS EBRy RalalB

Figure 18 The full length cDNA of ctl gene and its translated protein. The translated
amino acids were decoded from ORF of ctl and indicated below their corresponding

nucleotide codon.
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k'k'v r ¢ '3 . 6¢ Kd Y5V Aii V¢ As G F
TAIGEFSA ATTABTAC GTTIGEFC ACMITIT GETONA (3300 GRINGT CINTG
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Figure 19 The full length cDNA of oirc2 gene and its translated protein. The

translated amino acids were decoded from ORF of alrc2 and indicated below their

corresponding nucleotide codon.
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4.4 Cloning of full length genes

The full length genes obtained from RACE-PCR were cloned into pGem-T easy
vector and subjected to sequence verification. To confirm the insertion to the vector,
the pGem-T vectors carrying the genes were cut by fcoRI restriction enzyme. After
enzyme digestion, the band of full length cti and alrc2 genes along with the bands
of pGemT easy backbone at 3 kb were clearly seen on the agarose gel (Figure 20).

The full length gene sequences were confirmed by sequencing.

pGemT easy
3000 bp g pGernT easy
gl C ti
1500 bp SRS g albc2
1000 bp

Figure 20 Verification of gene insertion to pGemT vector by restriction enzyme
digestion are shown on 1% agarose gel against 1 kb DNA marker (M). The EcoRI
restriction enzyme was used to digest recombinant pGem-T easy vector of cti (A) and

alrc2 (B).

45 silico protein identification and characterization

All deduced proteins from ORF of cti and olrc2 were predicted for their
functional domain group by PSl-blast search

(http://www.ebi.ac.uk/Tools/sss/psiblast/) against the UniProtKB/Swiss-Prot database.


http://www.ebi.ac.uk/Tools/sss/psiblast/
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The deduced proteins showed their significant E-value with UbiA prenyltransferase
family of homogentisate prenyltransferase (Figure 21). Then the sequences were
predicted for their molecular weights and theoretical pi values by the Compute
pl/Mw Tool from ExPASy (http://web.expasy.org/compute_pi/). The predicted sizes
were 45.58 and 45.59 kDa and pi values were 9.53 and 9.87 of CTL and ALRC2,
respectively (Table 12). The results indicated that ctl and alrc2 are in the group of
UbiA prenyltransferase gene family and possibly encoded putative proteins

functioning as homogentisate prenyltransferase.

3 B Y/a) K 3h 49
; & G b S APT Ub IR HRT Y iy
| #0 TPT_UbIA superfamily
I3 B 55 Ky 3h M

"PT_UbiA superfamily

CTL ALRC2 CTL ALRC2
Name Accession Description Interval E-value
PTJJbiA ccu3960 Tocopherol 114-403 117-407 9.64E-153 2.08E-148
_HPT1 phytyltransferase
PLN0287 PLN02878 homogentisate 128-406 131-410 0.00E+00 0.00E+00
8 phytyltransferase
UbiA PRK12887 tocopherol 111-403 102-407 2.89E-96 2.97E-99

phytyltransferase

Figure 21 PSl-blast search of the putative proteins CTL and ALRC2.
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Table 12 Summary of computed pi and MW of the deduced proteins.

ORF (bp) Amino acid (residues) pl MW (kDa)
alrc2 1233 410 9.87 45.59
ctl 1224 407 9.53 45.58

The transmembrane (TM) domains of CTL and ALRC2 were predicted by
TMHMM program (http://www.cbs.dtu.dk). These genes contained nine putative TM
domains (Table 13 and Figure 22) and possessed a conserved prenyltransferase motif
(NQXXDXXXD) and an aspartate rich motif (KD(I/L)XDX(E/D)GD) between TM domain 2
and 3 and TM domain 6 and 7, respectively (Figure 23). Subcellular localization of all
amino acid sequences were predicted on their N-terminal peptide by TargetP 1.1
The result showed that this program was failed to assign the organelle localization
with low reliable prediction (RC=5) as showed in Table 14. Therefore, the proteins
were predicted localization and signal peptide position by other programs eg.
SignalP 4.1 (http://www.cbs.dtu.dk/services/SignalP/), WoLF PSORT
(http://lwww.genscript.com/psort/wolf_psort.html) and Protcomp 9.0
(http://www.softberry.com/berry.phtml?topic=protcomppl). Using the SignalP, it was
found that the amino acid sequences showed low signal peptide ( - score < 0.2) as
shown in Figure 24 while CTL and ALR were chloroplast protein containing transit
peptide 15 and 17 amino acid residues when prediction by WoLF PSORT and

Protcomp (Table 15).


http://www.cbs.dtu.dk
http://www.cbs.dtu.dk/services/SignalP/
http://www.genscript.com/psort/wolf_psort.html
http://www.softberry.com/berry.phtml?topic=protcomppl

Table 13 List of transmembrane domains of ALRC2 and CTL.

™1
™2
™3
™4
T™5
TM6
™7
T™8
™9

ALRC2

CTL

Transmembrane alpha helix regions

VIGTALSIVSVSLLAVQRL
FFTGVLEAWAALFMNIYIVG
GEYSVSTGTLIVTSFAVLSFCLS
SWPLFWALFISFVLGTAYSINMP
VAAMCILAVRAVIVOQLAFFLHMQ
RPAIFSRPLIFATAFMSFFSWIALF
ICISLLEMAYSVALLVGASS
KVAWLGHTILASLLWGRAKSV
SFYMFIWKLFYAEYLLIPFVR

VIGTALSIISVSLLALEKL
FFTGVLEAWAALFMNIYIVG
GEYSFGTGVTIVASFSVLSFWLC
SWPLFWALFVSFVLGTAYSINV
LAAMCILAVRAVIVQLAFFLHMQ
RPLIFATAFMSFFSWIALF
ICVSLLEIAYGVALMVGAAS
KAITGAGHAVLASLLWYQAKSV
SFYMAWKLFYAEYLLLPYVR
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22 TMHMM analysis of ALRC2 and CTL protein sequences. The colors showed

Figure

the probabilities for transmembrane regions (red), inside region of an organelle (blue)

and outside of an organelle (pink).

Table 14 Sequence data analysis by TargetP.

RC

Loc

other

SP

P

cTP mT

Len

Name

*

0422 0073 0.030 0.460

410

ALRCZ

CTL

7 0074 0444 0023 0626 * 5

a0




Table 15 Sequence data analysis by WoLF PSORT and Protcomp.

Amino acid Similarity in  Extracellula  Intigral

sequence location DB I score score

CTL 407 chloroplast 0.9 9.3
ALRC2 410 chloroplast 0.9 9.5

chloroplast
transit

peptide

15
17
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Figure 23 Multiple alignment of prenyltransferases family

(NQxxDxxxD) and Motif II (KD(/L)xDx(E/D)GD)

in plants. Motif |

indicated with black arrows are
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conserved amino acid sequences among prenyltransferases and transmembrane

domain (TM) are indicated with black lines.
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Figure 24 The graphical image of transmembrane prediction by SignalP, C-, -, and Y-

score cleavage site were predicted to be at position of maximal Y score (A) CTL and
(B) ALRC2. C-score: raw signal peptide cleavage sites, S-score: positions within signal
peptides from positions in the mature part of the proteins and Y-score: combined

cleavage site score (C and ),
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4.6 Phylogenetic analysis

Amino acid sequences of CTL and ALRC2 from candidate genes were
compared to their homologs by using BLASTX algorithm in the NCBI database. The
CTL and ALRC2 showed high sequence homology to homogentisate phytyltransferase
of Glycine max and Morus notabilis with 84% and 88%, respectively. The
phylogenetic tree of prenytransferase families was constructed including
homogentisate phytyltransferase (HPT), flavonoid prenytransferase (flavonoid PTase),
homogentisate geranylgeranyltransferase (HGGT), and homogentisate solanesyl
transferase (HST) and shown in Figure 25. The analysis revealed that the proteins CTL
and ALRC2 are closely related to the group of HPTs. The CTL and ALRC2 were highly
similar to VTE2-1 involved in vitamin E biosynthesis in plants. Further sequence
examination, the conserved aspartate rich regions (motif i and motif li) of various
prenyltransferases were compared (Figure 26). motif I, the CTL showed high
similarity with the HPT of G max (GmVTE2-l) and Arabidopsis thaliana (AtVTE2-l)
while the ALRC2 were closest to the HPT of Cuphea avisera var. pulcherrima
(CpVTE2-l) and M. notabilis (MNnVTE2-l).  motif Il, the CTL showed similarity with a
group of HPTs of AtVTE2-l, GmVTE2-l, CpVTE2-l, Triticum aestivum (TavTE2-l), and
flavonoid prenyltransferase of Sophora flavescens (SfiLDT). The ALRC2 showed
similarity with a group of HPTs of Allium ampeloprasum (ApVTE2-l), MA\ATE2-l and
homogentisate geranylgeranyltransferase of Oryza sativa Japonica (OsHGGT). These

results suggested that CTL and ALRC2 were likely to be HPTACFE2 enzymes.
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100 — Moms notahilis MN\VTE2-1 (EXB55382)
37 — « Artocarpus lakoochaaLrc2 (KT188930)

. Cuphea avigera var. pulcherrima CpVTE2-1 (DQ231058)
-------- Allium ampeloprasum ApVTE2-1 (DQ231057)

oL 0 Triticum aestivum TaVTE2-1 (ABB70123)
----- Arabidopsis thaliana AtVTE2-1 (Q8VWJ1)

B 5 -Glycine max G4DT (BAH22520.1)
100 — « (Clitoriatematea CTL (KT 188929)

----------------- Glycine max G4DT (BAH22520)
-------------------- Lupinus albus G3DT (AER 35706)

99

10 t Sophora flavescens SfN8DT-2 (B1B5P4)
841 Sophora flavescens SfiLDT ( BAK52290)
69 Sophora flavescens SfG6DT (BAK52291)
- Oryza sativa Japonica OsHGGT (AAP43913)
10 - Hordeum vulgare HVHGGT (AAP 43911)
10 - Triticum aestivum TaHGGT (AAP43912)
Humulus lupulus LaPT 1 (BAJ61049)
10 Arabidopsis thaliana AtVTE2-2 (DQ231060)
10 -Glycine max (soybean) GmVTE2-2 (DQ231061)

0.05

Figure 25 The phylogenetic tree of putative protein sequences of CTL and ALRC2 and
related prenyltransferase proteins in plants. Protein sequences from various plant
species were retrieved from NCBI database and their accession numbers were shown
in parenthesis. The neighbor-joining was drawn using MEGA4. The optimal tree with
the sum of branch length = 5.75502538 was shown. Bootstrap values 1000 replicate
are shown, and the branch lengths represented relative genetic distances. The
evolutionary distances were measured by JTT matrix-base method. The abbreviations
were following: FPT, Flavonoid prenytransferase; FHPT, homogentisate
phytyltransferase; prenyltransferase and FIGGT, homogentisate

geranylgeranyltransferase.
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Motif

AtVTE2-2
GMVTE2-2
LaPT1
ALRC2
CpVTE2-1
MNnVTE2-1
TaHGGT
HVHGGT
OSHGGT
ApVTE2-1
TaVTE2-1
SfG6DT
SNSDT-1
SN8DT-2
G4DT
G3DT
SfiLDT

A SLDr

AtVTE2-1
GmVTE2-1

Motif i

GMVTE2-2
AWVTE2-2
ApVTE2-1
MnVTE2-1
OSHGGT
ALRC2
HVHGGT
TaHGGT
SfG6DT
G3DT
SFN8DT-1
SfN8DT-2
CpVTE2-1
SfiLDT

WTC2-1
AtVTE2-1
GmMVTE2-1
G4DT
LaPT1

BRI

o ApVTE2-
[0} VIE2-

°0

Figure 26 Phylogenetic trees for conserved amino acid sequences (the aspartate rich
regions) of prenyltransferase family. The alignment of motif | (A) and motif I (B) from
prenyltransferase family. Trees were generated by MEGA6 with neighbor-joining
method. The available protein sequences from VTE, GDT, HGGT, and PT groups were
retrieved from various species including Arabidopsis thaliana (At), Allium
ampeloprasum (Ap), Cuphea avisera var. pulcherrima (Cp), Glycine max (Gm),
Hordeum vulgare (Hv), Humulus lupulus (La), Morus notabilis (Mn), Oryza sativa

Japonica (Os), Triticum aestivum (Ta) and Sophora flavescens (Sf).
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4.7 Construction of plant expression vectors

The ORF genes were amplified with sets of primers in 3.15.1. The PCR

products were overhanging at start codon and blunt end at stop codon. Then the

gel-purified PCR products were cloned into PpENTR /D-TOPO vector by
Topoisomerase | to produce the entry clone and transformed into E coli. The
obtained recombinants were checked for their insertional direction by NOt\ restriction
digestion, PCR, and sequencing. The correct orientation pattern of recombinants
showed 3.8 kb but empty vector showed 2.5 kb when cut with Not\ restriction
enzyme (Figure 27A and 27B). Amplification of Ctl and olrc2 from the recombinant
vectors by PCR showed the expected bands at about 1.2 kb (Figure 27C and 27D).
The gene sequences were confirmed again by sequencing. Hence, the correct entry
vectors were subcloned separately into a destination clone (pGWB6) by Gateway0 LR
clonase® I to produce the plant expression clones. The pGWBG6:cf(, and
pGWBG6::a(/r2 were finally obtained and confirmed the recombinant vectors by PCR
showed the expected bands at about 1.2 kb (Figure 28A and 28B), respectively. Each
construct was subsequently transformed into E coii. and Agrobacterium tumefaciens

for further used in plant transformation.
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Figure 27 The construction of the entry vector (pENTR /D-TOPO” harboring the cti

and 0Irc2 genes were analyzed on 1% agarose gel against 1 kb DNA marker (M). The
recombinant pENTR /D-TOPO®:cf( digested with NOt\ restriction enzyme (A) and the
recombinant pENTR /D-70PcP :alrc2 digested with NoOt\ restriction enzyme and the
empty pENTR /D-TOPO° vector (B). PCR products from recombinant Cti and alrc2 in

PENTR /D-TOPO° vector (C and ).
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Figure 28 The construction of the destination vector. The PCR products amplified
from recombinant cti (A) and airc2 (B).in pGWB6 vector and shown on 1% agarose

gel against 1 kb DNA marker (M).

4.8 Gene expression of cti and 0irc2 overexpressed in tomato leaves

The cti and airc2 genes were transiently expressed in tomato leaves via
Agrobacterium-mediated transformation. After infiltration of the recombinant
expression vectors, leaves were harvested at 1, 3, 6 and 9 day post agroinfiltration;
dpa and their total RNA were extracted for cDNA synthesis. During 1 -6 dpa the
visible phenotypes of infiltrated tomato leaf of empty vector and pGWB6::cd not
different when compare with control but these transient expressions were slightly
induce cell death at 9 dpa that found light yellow around of brown spot.  transient
of pGWBG6:0/rc2 leaf showed visible phenotype same as control during 1 -3 dpa but
the leaf was induced cell death at 6 dpa that seem little yellow and increasing at 9

dpa. (Figure 29)

Expressions of cti and oirc2 were under the control of CaMV 35 promoter and

the gene expression profile was performed by RT-PCR was performed on tomato
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leaves overexpressed the genes as showed in Figure 30. The recombinant pGWB6::cf(
showed highest expression at 1 dpa and sharply decreasing after 3 dpa according to
RT-PCR (Figure 30A). The RT-PCR results showed that the recombinant pGWB6:a(/r2

showed expression between 1 and 6 dpa and very low at 9 dpa (Figure 30B).
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Control

pGWB6::ctl

pGWBG6::a(rc2

1ldpa 3 dpa 6 dpa 9 dpa

Figure 29 Tomato leaves after infiltration of the recombinant expression vectors via
A. tumefaciens-mediated transformation. Leaves were harvested at 1, 3, 6 and and 9

day post agroinfiltration (dpa). Leaves were harvested at 1, 3, 6 and and 9 day post

agroinfiltration (dpa).
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pGWBG::crt pGWB6

ctl (500 bp)

(3-Tubulin

alrc2 (250 bp)

A-Tubulin

Figure 30 RT-PCR expression analysis of ctl and alrc2 in the agroinfitrated tomato
leaves at 1 - 9 dpa. (3-Tubulin was served as an internal reference gene and the
empty vectors were served as negative control. Gene Ruler 1 kb DNA ladder (M) was
used to indicate the product size. The gene expression of the recombinant

pGWB6::cf( (A) and pGWB6::a/rc2 (B) were detected on the 1 % agarose gel.

4.9 Recombinant protein expression in tomato leaves

All proteins (CTL and ALRC2) in the pGWB6 vector expressed in transformed
tomato leaves were fused with GFP protein (26.8 kDa) at the N-terminal of the
proteins. Total proteins were extracted from the leaves and determined the protein
concentration by Bradford’s method. One hundred micrograms of total protein were
loaded and separated on 10% SDS-PAGE gel. The proteins were detected by blotting
with anti-GFP antibody conjugated with HRP on PVDF membrane and visualized using
chemiluminescent HRP substrate (Figure 31). The CTL was slightly expressed at 1 dpa
and gradually increased at 3 dpa.  contrary, the ALRC2 could not be detected at 1

dpa. However, it was gradually expressed at 3 and 6 dpa.
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Figure 31 Detection of the recombinant proteins by western blots analysis. Expression
of ALRC2 and CTL proteins from agroinfiltration tomato leaves using antibody against

GFP protein in different dpa compared with the empty vector (pGWBS6).
4.10 Determination of tocopherol content in agroinfiltrated tomato leaves

Transformed tomato leaves at 1, 3, 6 and 9 days were extracted and
analyzed for the accumulation of oc-tocopherol against control by TLC technique.
The amount of a-tocopherol was determined against the a-tocopherol standard
curve as shown in Figure 32. The recombinant protein from pGWBG6::cf( showed high
effectiveness in enhancing the production of a-tocopherol content at 3 dpa. The
results showed 2.4 + 0.38 fold increment of a-tocopherol content compared with
the control (Figure 33) and the intensity of a-tocopherol band on TLC clearly
showed the difference after 3 dpa (Figure 34A). Moreover, the transformation of
pGWBS6::0(rc2 could induce the accumulation of a-tocopherol in infiltrated tomato
leaves at 3 dpa (Figure 34B). The a-tocopherol content was increased 1.4 + 0.05 fold

higher than the control (empty vector; pGWB6) (Figure 33).

4.11 Determination of total chlorophyll content in agroinfiltrated tomato

leaves

When ctl and alrc2 were introduced to tomato leaves mediate
agrobacterium, the resulting transient plants showed the decreased total chlorophyll

when compare with the control. The total chlorophyll of transient plants ctl and



alrc2 drop

pg ml
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ped from 31.2 + 0.34 to 28.2 + 0.09 pg m I1and 32.1 + 0.07 to 30.8 £ 0.06

respectively in order of day after agroinfiltration (1-9 dpa) that correlated

with a-tocopherol accumulation (Figure 33).
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Figure 32 The standard curve of a-tocopherol. The amount of a-tocopherol was

plotted ag

chloroform:

ainst absorption unit (AU) measured TLC plate developed with

cyclohexane (11:9 v/v) and scanned under 292 nm ( =3).
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Figure 33 The a-tocopherol and total chlorophyll contents in pGWBSG6::alrc2 and
pGWB6::cf( agroinfiltrated leaves. Determination of a-tocopherol content (bar graph)
was from the band intensity on TLC plate. The a-tocopherol content from
agroinfiltrated leaves overexpressing CU and olrc2 genes were compared with empty
vector (pGWB6) in 1 - 9 dpa. Data represent the mean and SD ( =3). The different
between samples measurement by two way ANOVA test (*: p < 0.05, **: p < 0.01 and
*** p < 0.001). The total chlorophyll content (line graph) was measured by

absorption at 663 and 645 nm.
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Figure 34 TLC patterns of tomato leaves expressing alrc2 and ctl extracts. The
agroinfitrated leaves at 1, 3, 6 and 9 dpa expressing Ctl (A) and alrc2 (B) were
extracted and separated on the TLC plate. Standard a-tocopherol was used to
compare with a-tocopherol from the samples. Each samples was spotted in
duplicate. Lane 1 - 2: empty vector (pGWB6) at 1 dpa, Lane 3-4: recombinant at 1
dpa, Lane 5-6: empty vector (p.GWB6) at 3 dpa, Lane 7-8: recombinant at 3 dpa,
Lane 9: a-Tocopherol standard, Lane 10 - 11: empty vector (p.GWB6) at 6 dpa, Lane
12 - 13: recombinant at 6 dpa, Lane 14 - 15: empty vector (pGWB6) at 9 dpa and

Lane 16 - 17: recombinant at 9 dpa.
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order to confirm the a-tocopherol synthesis as a result of the
overexpression of the recombinant protein, the a-tocopherol extracted from the
infiltrated leaves was detected by GC-MS method. The GC-MS chromatogram showed
the increase of a-tocopherol, fatty acids, and lipids from the transformed leaves
when compared with the control (Figure 35). addition, during transient
overexpression of both genes showed high level of phytol (6.074 min), a precursor of
phytyldiphosphate (PDP) which is the substrate of enzyme HPT and also palmitic acid
(5.534 min), linoleic acid (6.248 min), a- linoleic acid (6.281 min) and stearic acid
(6.359 min) (Figure 36A and 36B), was detected at 3 and 6 dpa corresponding to the
increase of a-tocopherol content at retention time of 12953 min and its
intermediate accumulation MPBQ and DMPBQ have retention time of 7.923 and
8.023 min, respectively (Figure 36C and 36D) From GC-MS spectra, it is possible to
identify a-tocopherol, MPBQ and DMPBQ, intermediates which are not commercially
available, as shown in Figure 37A, B and c, respectively. The MS spectrum of MPBQ
revealed quinol head group fragment at m/z 281 and 321 combined with phytyl
group fragment at m/z 265 while, the DMPBQ MS spectrum showed quinol head
group fragment at m/z 281 and 335 combined with phytyl group fragment at m/z

265 and 155.
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Figure 35 GC-MS chromatogram of infiltrated leaves in 3 dpa of pGWB6::cf( showed
the increase of metabolites. The numbers on the GC-MS chromatograms are the
compounds: 1 palmitic acid (5.534 min), 2 phytol (6.074 min), 3: linoleic acid (6.248
min), 4: a- linoleic acid (6.281 min), 5: stearic acid (6.359 min), 6: MPBQ (7.923 min), 7:
DMPBQ (8.203 min), 8 pentacosane (12.321 min), 9: a-tocopherol (12.953 min), 10:
nanocosane (14.279 min), 11. a-stigmasterol (14.511 min) 12: (3-Sitosterol (15.171

min), 13: Monolinoelaidin (15.258) and 14 :(3-Amyrin (15.387 min).
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Figure 36 GC-MS analysis of the chemical profiles of phytol and fatty acids comparing

between the transient expression of cU (A) and alrc2 (B) and a-tocopherol together

with intermediates (MPBQ, DMPBQ) involved in the biosynthetic pathway of Cti (C)

and 0irc2 () in tomato leaves at 1, 3, 6 and 9 dpa compare with control (empty

vector: pGWB6). The labeled numbers: 1. palmitic acid (5.534 min), 2. phytol (6.074

min), 3: linoleic acid (6.248 min), 4. a- linoleic acid (6.281 min), 5: stearic acid (6.359

min), 6:MPBQ (7.923 min), 7: DMPBQ (8.203 min), 8: pentacosane (12.321 min), 9: oc

tocopherol (12.953 min).
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Figure 37 Mass spectra of silylated (A) a-tocopherol (12.955 ), (B) MPBQ (7.923

' )and (C) DMPBQ (8.203 ] ) from infiltrated leaves.
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